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SOIL VAPOR EXTRACTION TEST PROTOCOL
AND FIELD TEST DATA

A description of the vapor extraction test protocol and data acquisition procedures used during this phase
of site assessment activities is presented below.

TEST PROTOCOL

One extraction well was connected to the vapor extraction unit and at least two other vapor
extraction/monitoring wells were used as pressure drawdown observation points. During a series of tests,
it was typical that a particular well functioned both as an extraction well and an observation well.

While air was extracted, the pressure level in the observation wells was monitored and recorded. Data
were recorded as net drawdown from the initial soil air (atmospheric) pressure within the sealed well
casing. Each test was conducted until vacuum effects nearly stabilized at the farthest observation point.
Pressure drawdown data were then used in a modeling analysis to estimate soil air transmissibility. These
parameters are necessary to determine the effective area of influence.

A total of four step tests and four constant rate tests were performed. Step tests typically included a
minimum of four steps for vacuum and extraction flow rate to determine the optimum vacuum and
flow rate capacity for each test horizon. Well Cluster VW-1A/B/C was utilized for extraction from
Zone A (20 to 40 fbg), Zone B (45 to 65 fbg), and Zone C (70 to 90 fbg). Well MW-1A was used for
extraction from Zone D (90 to 100 fbg).

For the step tests, near-steady-state vacuums and flows were achieved in approximately 1 to 3 hours for
each test array. For the constant rate tests, near-steady-state vacuum levels in the observation wells
were achieved within 30 to 90 minutes.

A total of 59 vapor samples for laboratory analysis were collected from 11 wells during the entire vapor
extraction test.

PRESSURE AND AIR FLOW MONITORING

During the step and constant rate extraction tests, the vacuum for the extraction well was recorded with a
magnehelic gauge fitted at the extraction well head. During extended length constant rate extraction tests,
the vacuum for the extraction well was recorded with a magnehelic gauge fitted at the influent end of the
blower. Well caps fitted with magnehelic pressure gauges with sensitivity levels as low as 0.01 in. H,O
were used during all tests to record the pressure drawdown data from the observation wells. Prior to
testing, the magnehelic gauges were calibrated to zero based on atmospheric pressure.
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During the step and constant rate extraction tests, airflow rates were obtained using a TSI™ Model 8355
air velocity meter connected at the exfraction well head. During the extended length constant rate
extraction tests, airflow rates were obtained using a TSI™ Model 8355 air velocity meter connected at the
influent end of the vapor conduit hose.

FIELD MEASUREMENT OF HYDROCARBON CONCENTRATIONS

Field measurements were obtained from the extraction well using ecither a Mini-Rae 2000™
photo-ionization detector or a Horiba™ hydrocarbon vapor analyzer. The Mini-Rae 2000™ provides
digital readouts continuously, and can measure hydrocarbon concentrations up to 10,000 parts per million
by volume (ppmv). The Horiba™ hydrocarbon vapor analyzer also provides digital readouts
contimuously, and can measure hydrocarbon concentrations up to 13,000 parts per million by volume as
hexane. '

VAPOR EXTRACTION TEST EQUIPMENT

Vapor extraction testing activities at the site were conducted using the TRC Mobile Treatment System
(MTS). The MTS unit is a truck mounted soil vapor extraction system that is capable of removing soil
vapors from the subsurface at vapor flow rates of up to 313 actual cubic feet per minute (at 60 degrees
Fahrenheit and 14.7 pounds per square inch). A high vacuum blower (total vacuum greater than 394
inches of water or up to 29 inches of mercury) was utilized to extract soil vapors from wells at the site.
Extracted hydrocarbon vapors were abated using a regulatory permitted propane fired thermal oxidizer.
Destruction efficiency for non-methane hydrocarbons is 99%+ calculated as hexane.
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GLOSSARY OF TERMS AND ABBREVIATIONS
FOR VAPOR EXTRACTION TEST
Soil Conductivity

Soil conductivity is defined as a soil parameter proportional to the soil permeability and the
properties of the fluid flowing through the porous medium. '

Darcy's Law

Darcy's law describes the flow mechanism of a fluid in a porous medium; it gives a mathematical
relationship between the fluid velocity and the hydraulic gradient under which the fluid is flowing.

- Effective Radius of Influence

The effective radius of influence is defined as the distance from an air extraction well at which the
calculated pressure drawdown is 0.1 in. H;0. During the transient period, the radius of influence is
- a function of extraction time, the soil hydraulic parameters, and the location of recharge boundaries.

(Observation Well

An observation well is a non-exfracting well used to observe the vacuum response at a given
distance from the test well. The observation well ideally has a screened casing interval similar to the
air extraction well.

Permeability

In Darcy's law, the permeability (k) is a constant of proportionality that relates the flow velocity and
the pressure gradient. In single-phase flow, the permeability is only a function of the porous
medium, and has dimensions of length squared.

Steady-State Flow

Steady-state flow conditions prevail after a period of air extraction. At steady state, the vacuum
impressed at a given distance from an air extraction well does not change as a function of time,
The closer an observation well is to an air extraction well the less time is required to reach
steady-state flow.

B-1
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Storativity

Storativity is the volume of air a soil zone releases from, or takes into, storage per unit surface area
of the zone per unit change in pressure.

Test Array

A test array is composed of one vapor extraction well and a number of observation wells used for
vacuum monitoring. The number of test arrays depends on the availability of existing monitoring
wells that are suitably spaced and constructed (extraction and observation wells with similar
screened casing intervals).

Transient Flow
Transient flow is the early-time flow period that precedes the attainment of steady-state conditions.
During this flow period, the vacuum response observed at a given distance changes as a function of

elapsed time.

Transmissibility

Soil transmissibility to air, or the ability of the vadose zone to transmit air to the extraction well, is
mathematically defined as the product of the permeability (k) of the vadose zone and its thickness
(b) divided by the average hydrocarbon-saturated air viscosity (). The soil transmissibility is used
to model subsurface airflow since estimates of the air viscosity and vadose zone flow thickness are
not always readily available.

Transmissivity

Transmissivity is defined as the product of the vadose zone thickness (h) and the conductivity of the
vadose zone (K). '

Vadose Zone

The vadose zone, or unsaturated zone, is the section of soil above the ground water table through
which airflow is taking place. '
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